Objectives: Develop a standardized simulation method to assess clinical skills of ICU providers. Design: Simulation assessment. Setting: Simulation laboratory. Subjects: Residents, Critical Care Medicine fellows, acute care nurse practitioner students. Interventions: Performance scoring in scenarios from multiple Critical Care Medicine competency domains. Measurements and Main Results: Three-hundred eighty-four performances by 48 participants were scored using checklists (% correct) and holistic "global" ratings (1 [unprepared] to 9 [expert]). One-hundred eighty were scored by two raters. Mean checklist and global scores (± sd) ranged from 65.0% (± 16.3%) to 84.5% (± 17.3%) and 4.7 (± 1.4) to 7.2 (± 1.2). Checklist and global scores for Critical Care Medicine fellows and senior acute care nurse practitioner students (Experienced group, n = 26) were significantly higher than those for the Novice acute care nurse practitioner students (Novice group, n = 14) (75.6% ± 15.6% vs 68.8% ± 21.0% and 6.1 ± 1.6 vs 5.4 ± 1.5, respectively; p < 0.05). Residents (Intermediate group, n = 8) scored between the two (75.4% ± 18.3% and 5.7 ± 1.7). 38.5% of the Experienced group scored in the top quartile for mean global score, compared with 12.5% of the Intermediate and 7.1% of the Novice groups. Conversely, 50% of the Novice group scored in the lower quartile (< 5.3), compared with 37.5% of the Intermediate and 11.5% of the Experienced groups. Psychometric analyses yielded discrimination values greater than 0.3 for most scenarios and reliability for the eight-scenario assessments of 0.51 and 0.60, with interrater reliability of 0.71 and 0.75, for checklist and global scoring, respectively. Conclusions: The simulation assessments yielded reasonably reliable measures of Critical Care Medicine decision-making skills. Despite a wide range of performance, those with more ICU training and experience performed better, providing evidence to support the validity of the scores. Simulation-based assessments may ultimately prove useful to determine readiness to assume decisionmaking roles in the ICU. (Crit Care Med 2018; 46:e516-e522) Key Words: clinical competence; critical care; educational measurement; intensive care units; nurse practitioners; patient simulation S everal million people in the United States admitted annually to the ICU rely on the skill of ICU clinicians for life-saving interventions during their ICU stay (1-4). As ICU admissions continue to rise (2), there has been a parallel increase in the demand for qualified ICU providers (3-6). For physician specialists ("intensivists"), this demand has been amplified by consumer advocacy for intensivist-led ICU care, which has been shown to reduce ICU mortality and lengths of stay (1) (2) (3) (7) (8) (9) . The result has been a growing shortage of intensivists which has been exacerbated by safety-related work hour restrictions for physician trainees, who served as "frontline" ICU providers to manage the intensivist supply-demand gap (10-12). A rapid expansion of the critical care work force has ensued to now include a large number of nonphysician "advanced practice" ICU providers (13) (14) (15) assistants (PAs) with ICU training and experience. In collaboration with intensivists, these new "front-line" ICU providers are responsible for moment-to-moment coverage and management decisions in the ICU (14-16) and are thus essential to produce the improved ICU outcomes with intensivist-led ICU care (7, 8, 17, 18) .
S everal million people in the United States admitted annually to the ICU rely on the skill of ICU clinicians for life-saving interventions during their ICU stay (1) (2) (3) (4) . As ICU admissions continue to rise (2) , there has been a parallel increase in the demand for qualified ICU providers (3) (4) (5) (6) . For physician specialists ("intensivists"), this demand has been amplified by consumer advocacy for intensivist-led ICU care, which has been shown to reduce ICU mortality and lengths of stay (1) (2) (3) (7) (8) (9) . The result has been a growing shortage of intensivists which has been exacerbated by safety-related work hour restrictions for physician trainees, who served as "frontline" ICU providers to manage the intensivist supply-demand gap (10) (11) (12) . A rapid expansion of the critical care work force has ensued to now include a large number of nonphysician "advanced practice" ICU providers (13) (14) (15) , largely comprised of acute care nurse practitioners (ACNPs) and physician assistants (PAs) with ICU training and experience. In collaboration with intensivists, these new "front-line" ICU providers are responsible for moment-to-moment coverage and management decisions in the ICU (14) (15) (16) and are thus essential to produce the improved ICU outcomes with intensivist-led ICU care (7, 8, 17, 18) .
The educational preparation of physician trainees, ACNPs, and PAs who fill front-line ICU provider roles differ considerably, but all must be able to promptly recognize and respond appropriately to changes that portend a serious deterioration in a patient's condition (13) (14) (15) . The often limited ICU exposure during their professional education (19, 20) , however, can lead to early learning-based errors, which can have devastating consequences for patients and often for the provider(s), whose negative experience leads them to believe that they are unsuited for ICU work and drop out of the ICU workforce (21) .
Simulation provides an experiential learning environment that improves healthcare professional preparation while eliminating the potential for patient harm (22) (23) (24) (25) . Simulation may also offer a potential means to assess providers clinical decision-making skills using a standardized approach and environment (26) .
The aims of the study were 1) to develop an inventory of simulated ICU conditions (scenarios) that could be used to assess whether participants have acquired the cognitive skills necessary to assume "front-line" ICU provider roles and 2) to gather evidence to support the psychometric adequacy of the performance metrics for the scenarios. From a validity perspective, we hypothesized that participants with more ICU experience would perform better. The longer term goal was to develop a standardized simulation methodology that can be used to reliably assess provider readiness to manage patients in the ICU.
METHODS

Scenarios
A list of common ICU conditions was developed through review of administrative databases and published critical care provider competencies (19, 20, 27) . Academic intensivists (n = 14) were surveyed using a Delphi technique to narrow the list to 16 conditions used to construct scenarios (28) . The research team developed and refined the scenarios including the standardized patient behaviors and responses and the scripted responses from the "standardized nurse." Patient findings were simulated using CAE HPS and iStan electromechanical mannequins (CAE Healthcare, Sarasota, FL). Additional laboratory and/or radiologic data were available upon request of the participant. Two eight-scenario forms ("A" or "B") were designed to be equivalent and completed in a session lasting 90-120 minutes ( Table 1) .
Participants
The study was approved by the Institutional Review Board, and informed consent was obtained from 48 participants. These included 14 novice and four senior ACNP students, eight residents, and 22 Critical Care Medicine (CCM) fellows.
Twenty-one were male, and 27 were female. Average age was 32.7 years (range, 26-52 yr). The ACNPs completed undergraduate nursing programs between 1990 and 2012. The novice ACNPs were evaluated during the first 2 months, and the senior ACNPs in the last 2 months, of their year-long ACNP clinical training. The ACNP students had an average of 7.5 years (sd = 6.2) of prior critical care nursing experience. The residents and CCM fellows graduated from medical school between 2003 and 2015. The residents included seven postgraduate year (PGY)-1s and one PGY-2 from Anesthesiology or Surgery training programs. The CCM fellows completed residency programs in Anesthesiology (n = 8), Emergency Medicine (n = 8), or General Surgery (n = 6). The residents had less than 3 months of critical care experience. Most CCM fellows (82%) had at least 8 months of critical care experience at the time of the simulation assessments. All participants had previous simulation experience.
Simulation Assessment
During each participant's assessment, an instructor, a "standardized" nurse, and a simulation operator managed the standardized simulation experience. The instructors were certified critical care specialists and members of the critical care faculty and the research team. In a few instances, instructors had prior exposure to a participant. However, in no case did an instructor feel there was an issue with objectivity as a rater. The "standardized" nurse, who acted as the "bedside" ICU nurse, had 20 years of experience as a critical care nurse and 5 years of experience in simulation education. For each scenario, the participants were "called" by the bedside ICU nurse who provided the scripted reason for the call (Table 1 ) and answered participant's questions with the scripted responses. In the control room adjacent to the simulation suite, the operator managed the mannequin interface in a standardized fashion, and the instructor scored the performance.
Checklist Scoring
The participants were scored analytically by the instructor during the live viewing of the performance using scenario-specific checklists that included items considered important for diagnosis and initial management (Appendix Table, Supplemental Digital Content 1, http://links.lww.com/CCM/D392).
Global Performance Scoring
To assess overall management, participant performances were also "holistically" scored by the instructor using a global rating scale from 1 ("unprepared") to 9 ("expert").
The 48 participants each completed an eight-scenario assessment (A or B) for a total of 384 individual performances. One-hundred eighty were scored by a second rater from a video recording. Prior to viewing performances, raters reviewed the checklist scoring rubric and global rating scale. agree to 5 = strongly disagree). Participants were asked about whether: 1) the patient presentations and environment were realistic, 2) the scenarios were representative of practice, 3) the scenarios were relevant to practice, 4) the scenarios would be stress provoking in practice, and 5) the scenarios would improve clinical performance.
Postassessment survey
Participant Performance
Descriptive statistics were used to summarize performance by scenario. Scenario discrimination (D) values (the correlation between individual scenario scores and total scores across scenarios) were calculated to provide a measure of how well performance on a single scenario predicted the participant's overall performance.
Reliability
Variance components were calculated to estimate the reliability of checklist and global rating scores for an eight-scenario assessment with a single rater. Interrater reliability was calculated for the 180 scenarios scored by two raters.
Group and Scenario Comparisons
Comparisons were made among "Experienced" (CCM fellows and senior ACNP students, n = 26), "Intermediate" (residents, n = 8), and "Novice" (novice ACNP students, n = 14) groups. Group performances were described with descriptive statistics. Quartiles were also determined for average global performance and used to compare performance by group. Significant differences in performance related to scenario and group were evaluated using repeated measures analysis of variance (RM-ANOVA) in which scenario and group were the independent variables and either checklist or global scores were the dependent variables. Post hoc one-way analysis of variance (ANOVA) and Scheffe tests were employed to explore significant scenario and group effects. 
RESULTS
Scenario Performance
Average checklist and global scores, and discrimination (D) values, for each scenario are presented in Table 2 . For most scenarios, discrimination (D) values were greater than 0.30 and were higher for global scores compared with those for checklist scores.
Reliability
The reliabilities of the eight-scenario assessments with a single rater were 0.51 and 0.60 for checklist and global scores, respectively, with an estimate of 0.67 and 0.75, respectively, for a full 16-scenario assessment. Based on the double scored scenarios, interrater reliabilities were 0.71 and 0.75 for checklist and global scoring, respectively.
Individual Participant Global Scores by Group
The mean global scores for participants in the Experienced, Intermediate, and Novice groups are shown in Figure 1 . The Experienced group had the highest mean global score (6.1 ± 1.6, mean ± sd) and accounted for 83% (10/12) of scores in the top quartile (> 6.5) (38.5% of the group). Notably, all of the senior ACNPs (n = 4) scored in the top quartile. Mean global scores were lower in the Intermediate (5.7 ± 1.7) and Novice groups (5.4 ± 1.5), with only one top quartile score from the Intermediate group (12.5% of the group) and one from the Novice group (7.1% of the group). Conversely, 58% of scores (7/12) in the lower quartile (< 5.3) were from the Novice group (50.0% of that group), compared with three from the Intermediate group (37.5% of that group) and three from the Experienced group (11.5% of that group).
Group and Scenario Comparisons
Mean checklist and global scores for the Experienced, Intermediate, and Novice groups are shown in Table 3 . Based on RM-ANOVA for checklist scores, there was a significant group by scenario interaction effect (F = 1.63; p < 0.05), as well as Based on performance of the Experienced and Novice groups, the effect sizes for the checklist and global score differences were 0.42 and 0.46, respectively. Differences in checklist and global scores between the Intermediate group (75.4 ± 18.3 and 5.7 ± 1.7) and the other two groups were not significant.
Quality of the Simulation Experience
The responses to the postassessment survey questions are shown in Table 4 . Average responses indicated that participants "strongly agreed" that the scenarios were 1) representative and 2) relevant to practice, 3) stress provoking in the clinical setting, and 4) would improve their clinical performance (mean 4.7/5 to 4.8/5 ± 0.4-0.6) ( Table 4) . Participants "agreed" on average that scenarios were realistic (mean 4.0/5 ± 0.7), but responses of "disagree" were recorded by some participants.
DISCUSSION
This study is the first to use multiscenario simulation to assess the performance of a diverse group of critical care providers. The results support the psychometric adequacy of the scores derived from the simulation assessment designed to measure cognitive decision-making skills of potential ICU "front-line" providers. Based on variance components analysis, "holistic" global scores were more reliable than checklist scores. Using a holistic framework, the raters' ability to consider how the participant communicated and prioritized their management, something not captured by checklist scoring, likely contributed to the more precise measures of decision-making ability. The high discrimination (D) values (≥ 0.6) for many scenarios indicate that the participant performance on these scenarios more effectively predicted overall performance. The lower D values (< 0.3) for a few scenarios suggests that these scenarios may not differentiate along the ability continuum, perhaps because the scenario was too easy (e.g., "Obstructed Foley"). For the future development of simulation-based assessments, there is a need to reassess the constructs measured by the individual scenarios and whether the content is truly appropriate for all those being assessed. The individual scenario discriminations, combined with the moderate reliability estimates, highlight the need for multiple, content valid scenarios to precisely estimate overall critical care ability. Similar to previous simulation-based assessments, we found that the reliability of the assessment scores was most dependent on the number of scenarios, not the number of raters per given scenario (23, 24, 26) . Overall, the reliability of the eight-scenario assessments was moderate (0.51-0.60), with sufficient precision for determining progress in training and providing formative feedback to frontline provider candidates. The simulation assessments in their present form may also be useful to identify training program gaps and to potentially identify individual providers who may benefit from additional initial oversight when assuming ICU front-line provider roles. A higher reliability estimate (r ≥ 0.80) would be required to make licensing, credentialing, or certification decisions (29) . 
Minimum Maximum
The simulated patient and environment were realistic 4.0 0.7 2 5
The selected simulation scenarios represented events that might occur in practice 4.8 0.4 4 5
The chosen scenarios were important to practice 4.8 0.4 4 5
The events included are stress provoking in clinical settings 4.7 0.6 3 5
Practice scenarios will improve my performance in clinical settings 4.7 0.5 3 5
The structured assessment development process for the scenarios, based on actual clinical management problems, provides evidence to support the scoring and generalization inferences in Kane's validity framework (29) . The relationship between participants' prior ICU experience and performance on the simulation assessment provides additional "criterion" validity evidence and supports the extrapolation inference in the Kane framework; namely, that the simulation performance scores reflect ability in actual "real-life" ICU provider roles (29) . In this regard, it was notable that 100% of the senior ACNPs scored in the top quartile for overall global scores, in comparison with 27.3% of critical care fellows, 12.5% of the residents, and 7.1% of the novice ACNP students. This finding is consistent with prior clinical trials which have demonstrated that fully trained ACNPs compare favorably with residents and critical care fellows using objective clinical outcome measures in actual ICU settings (14, 16, 30, 31) . Although derived from a relatively small sample, this finding strengthens the extrapolation validity argument and further supports the utilization of ACNPs in these roles (10, 13, 15) .
The long-term goal of this research is to provide an assessment methodology that transcends the various training pathways of ICU providers. In this regard, there are six separate training and certification pathways for physician intensivists, and equally diverse pathways for ACNPs and PAs, with programs that differ considerably with respect to training and experience. As noted by Kaplan et al (20) , the separate credentialing and certification processes "create confusion among practitioners and patients and establishes a barrier to practice and credentialing standardization." The simulation approach presented here provides a standardized method to assess performance. Refinements to the simulation assessment tool (e.g., additional and/or more discriminating scenarios) to decrease measurement error should allow for more precise estimates of ability that could ultimately meet the high psychometric standards required for summative assessments such as those used for certification (29, 32) . The addition of some form of criterion-referenced standard setting would be an additional next step to develop a minimum performance standard that could be used to make valid competency decisions about an ICU front-line provider's decision-making skills (33) .
There are limitations in our study. The simulation assessment employed a set of scenarios directed at cognitive skills involved in early recognition and management and did not assess procedural skills or abilities for developing longer term care plans. The simulation setting may also not perfectly reflect the provision of care in ICU settings. The scenarios were purposely shortened to allow for greater sampling of provider performance, and the simulation scenarios were not designed to capture the complex prioritization realities often required to effectively manage patients in the ICU. Finally, it is recognized that individual participant's performance in an actual clinical environment may be different than that in the simulation environment.
This study adds to a growing body of knowledge that advanced simulation methods may provide a means to assess clinical competence (24, 26) . Further refinements should ultimately produce a standardized competency-based assessment tool that could be used to determine whether individuals with a range of training and experience are adequately prepared for ICU provider roles. Ultimately, the goal is to improve patient safety and optimize outcomes of ICU patients by assuring that providers assigned to roles as front-line providers in the ICU are adequately prepared.
